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NANOTECHNOLOGY: OPPORTUNITIES AND CHALLENGES 


Nanotechnology seeks to exploit novel physical, chemical, biological, mechanical, 
electrical, and other properties, which arise primarily due to the nanoscale nature of 
certain materials. 

A key example is carbon nanotubes (CNTs) which exhibit unique electrical and 
extraordinary mechanical properties and offer remarkable potential for revolutionary 
applications in electronics devices, computing, and data storage technology, sensors, 
composites, nanoelectromechanical systems (NEMS), and as tip in scanning probe 
microscopy (SPM) for imaging and nanolithography. 

Thus the CNT synthesis, characterization, and applications touch upon all disciplines of 
science and engineering. 

This talk will provide an overview and progress report on this and other major research 
candidates in Nanotechnology and address opportunities and challenges ahead. 
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Educational Issues 
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Are there processes leading to economic preparation of nanostructures with control 
of size, shape... for applications? 
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and everyone of us; computers embedded in walls, chairs, clothing, 
light switches, cars....; characterized by the connection of things in 
the world with computation. 
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further CMOS scaling must become difficult and not cost-effective. Until these two 
happen together, the enormous infrastructure built around silicon will keep the silicon 
engine humming.... 
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- Making usetul, viable composites 

- Multiscale models with predictive capability 

- Analytical instrumentation 





Materials and Manufacturing 
Some Recent Advances 
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Ordered mesoporous material by Mobil oil to remove ultrafine 
contaminants 

Nano-particle reinforced polymers to replace metals in automobiles to 
reduce gasoline consumption 
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• Professional societies should establish interdisciplinary forum for exchange of information; 
reach out to international community; offer continuing education courses 
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Microspacecraft' 
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hop, fly, and burrow 
Collection of microspacecraft 
making a variety of measurements 
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CNT can be metallic or semiconducting, 
depending on chirality. 
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Thermal conductivity ~ 3000 W/mK in the axial 
direction with small values in the radial direction 
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Can be functionalized 
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Control of properties, characterization 
Dispersion of CNT homogeneously in host materials 
Large scale production 

Application development 
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Control of diameter, chirality 
Doping, contacts 

Novel architectures (not CMOS based!) 

Development of inexpensive manufacturing processes 
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- Drug delivery 

- DNA sequencing 

- Artificial muscles, bone replacement, 
bionic eye, ear... 
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mechanism 

Growth stops when graphitic overcoat occurs on the growth front - “catalytic poisoning' 
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Diameter distribution 1.14 nm to 2 nm; consistent with TEM result 
High metallic % of NTs 
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Grown using ethylene at 750° C 
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Bottom electrode power : 0 - 1 00 W 
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NASA Ames Research Center 

Ramsey Stevens, Lance Delzeit, Cattien Nguyen 
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5 nm thick Ir on Mica 
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A The Fabrication of CNT 

amts Research Center 1\' ailOC lCCtrode Array 
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Electrical Properties of CNTs 
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Chemical Functionalization 
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selective reaction of primary amine with surface -COOH group 








Functionalization of DNA 
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sensor for detecting the hybridization of target DNA/RNA from the sample. 

« Signal from redox bases in the excess DNA single strands 

The signal can be amplified with metal ion mediator|^i/(^Py) 3 J oxidation 
catalyzed by Guanine. 
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ceramic board 
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Estimated surface area of purified HiPCo SWNTs is 1580 m 2 /gm 
Applications in catalysis, gas absorption.... 
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Si(001) 
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ciysl*8ographki structure 
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Present Future 
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• Integration of this emerging field into engineering and science 
curriculum is important to prepare the future generation of scientists and 
engineers 



